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I N T R O D U C T I O N  

T h i s  w r i t e r  p a r t i c i p a t e d  i n  a p a r t  o f  f l i g h t  m i s s i o n  78 
o v e r  Sonora  Pass and Mono L a k e ,  C a l i f o r n i a ,  i n  o r d e r  t o  assess 
t h e  r o l e  o f  man i n  low f l y i n g  remote s e n s o r  m i s s i o n s .  T h i s  
i n s i g h t  i s  e x p e c t e d  t o  h e l p  u s  u n d e r s t a n d  how b e s t  t o  deve lop  
au tomated  h i g h - f l y i n g  and space  s e n s o r  s y s t e m s  f o r  e a r t h  r e s o u r c e s .  

Miss ion  7 8 ,  Sonora  Pass-Mono L a k e ,  Ca1ifornia;was f lown 
o u t  o f  Mof fe t t  F i e l d ,  C a l i f o r n i a ,  on A-ugust 2 6 ,  1968,  b y  t h e  
NASA-MSC P3A a i r c r a f t .  Test o b j e c t i v e  was t o  p r o v e  t h e  f e a s i b i l i t y  
o f  s e n s i n g  t h e  g e o l o g i c a l  composi t ion  o f  a v a r i e t y  o f  t e r r a i n  t y p e s  
w i t h  t h e  newly deve loped  t h r e e  i n s t r u m e n t  I R  p a l l e t  and  data s y s t e m ,  
P r i n c i p a l  i n v e s t i g a t o r  o f  t h e  p r o j e c t  i s  D r .  R .  J .  P .  Lyon, S t a n f o r d  
U n i v e r s i t y .  The a i r c r a f t  and a crew of f i f t e e n  men a r r i v e d  from 
MSC on August 25,  and on t h e  same d a y  a ground crew o f  t w e l v e  moved 
t o  t h e  t e s t  s i t e s  i n  t h e  S i e r r a  Nevada f rom t h e  U n i v e r s i t y  of  Nevada 
a t  Reno. The l o c a t i o n s  a r e  shown on t h e  i n d e x  map, F i g u r e  1. 

The Miss ion  78 i s  p a r t  o f  t h e  NASA-MSC E a r t h  Resources  
A i rc ra f t  Proqram t h a t  has t h e  p r imary  o b j e c t i v e  t o  f l y  remote  
s e n s i n g  equipment  o v e r  s e v e r a l  dozen ear th  r e s o u r c e s  t e s t  s i t e s ,  
t o  t a k e  da ta  a s  r e q u e s t e d  b y  p r i n c i p a l  i n v e s t i g a t o r s  and t o  f u r n i s h  t h e  
d a t a  f o r  s t u d y .  So f a r ,  t w o  a i r c r a f t  have  been  employed f o r  t h i s  
p u r p o s e ,  a Convai r  240 and a Lockheed E l e c t r a  P3A. 

I n  t h e  f o l l o w i n g ,  a d e s c r i p t i o n  of  t h e  a i r c r a f t  and o f  t h e  
f l i g h t  on August 26 w i l l  be g i v e n .  

THE AIRCRAFT AS A SENSING PLATFORM 

1. Equipment 

F i g u r e  2 d e p i c t s  the NP3A a i r c r a f t  and a l l  t h e  p r imary  
and  a u x i l l i a r y  s e n s o r s  t ha t  w i l l  b e  i n s t a l l e d  as o f  J a n u a r y  1, 1 9 6 9 .  
P r imary  s e n s o r s  o p e r a t e d  d u r i n g  Miss ion  78 on August 26 were two 
R C 8  m e t r i c  cameras (b l ack -whi t e  and c o l o r  i n f r a r e d ) ,  an  RS-7 i n f r a r e d  
i m a g e r ,  i n f r a r e d  s p e c t r o m e t e r ,  i n f r a r e d  r a d i o m e t e r ,  and b o r e s i g h t  
camera .  S u p p o r t i n g  equipment were hygromete r ,  t e m p e r a t u r e  p r o b e ,  
l i q u i d  water d e t e c t o r ,  and n a v i g a t i o n a l  equipment  i n c l u d i n g  a i r - t o -  
g round  r a d i o .  A m u l t i s p e c t r a l  H a s s e l b l a d  camera c l u s t e r  was o p e r a t e d  
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f o r  t e s t i n 5  p u r p o s e s .  A more d e t a i l e d  l i s t  of s e n s o r s  u sed  
and t h e i r  s p e c i f i c a t i o n s  i s  g iven  i n  T a b l e  1. 

2. P e r s o n n e l  

I n  f l i g h t ,  t h e  a i r c r a f t  was manned b y  a crew o f  15 
o f  which two p e r s o n s  were o b s e r v e r s .  F i g u r e  3 d e p i c t s  t h e  l o c a t i o n  
i n  f l i g h t  o f  t h e  two p i l o t s  and one n a v i g a t o r ,  m i s s i o n  manager ,  
p r i n c i p a l  i n v e s t i g a t o r ,  3 I R  o p e r a t o r s ,  one c e n t r a l  da ta  manager 
and t h r e e  camera o p e r a t o r s .  T a b l e  2 l i s t s  b y  name t h e  p a r t i c i p a t i n g  
p e r s o n n e l .  Some of t hese  were l o c a t e d  on t h e  g round ,  and ,  w i t h  
s u p p o r t  p e r s o n n e l ,  manned t h e  ground s i t e s  t o  be  ove r f lown  and 
took  ground t r u t h  measurements and m e t e o r o l o g i c a l  da t a  from 
b a l l o o n  bo rne  equipment .  They a l s o  p r o v i d e d  g r o u n d - t o - a i r  commun- 
i c a t i o n  and v e r i f i e d  t h e  p o s i t i o n  o f  t h e  p l a n e  r e l a t i v e  t o  t h e  t e s t  
s i t e  ground s t r i p .  Two people  p r o v i d e d  a r a d i o  l i n k  between t h e  
s t a g i n g  base and t h e  f i e l d  crew v i a  two ham r a d i o  s t a t i o n s .  

3 .  P r e p a r a t i o n s  Befo re  F l i g h t  Date 

The  m i s s i o n  which was d e v o t e d  e n t i r e l y  t o  I R  s p e c t r a l  
s e n s i n g  and s p e c t r a l  photography,  had been  c a r e f u l l y  rehearsed 
and shaken  down a t  MSC d u r i n g  two weeks o f  p r e - f l i g h t  t e s t i n g .  
The development  and procurement  phase  of  t h a t  equipment , d e p i c t e d  
i n  Frigure 4 ,  ha s  t a k e n  a t  l e a s t  two y e a r s .  

4 .  F l i g h t  O p e r a t i o n  and Test S i t e s  

The t o t a l  f l i g h t  program f o r  t h e  S i t e  1 9 ,  Sonora  Pass,  
and S i t e  3 ,  Mono Lake,  o v e r f l i g h t s  i s  g i v e n  i n  T a b l e s  3 and 4 .  
T h e  t o t a l  f l i g h t  da ta  mi leage  r e q u e s t e d  b y  t h e  P . I .  was 98 and 76 
miles ,  r e s p e c t i v e l y .  O p e r a t i o n a l  complex i ty  i s  caused  b y  t h e  number 
of  passes ( 2 6  and 2 6 ,  r e s p e c t i v e l y )  and t h e  v a r y i n g  f l i g h t  a l t i t u d e s ,  
be tween 2 , 0 0 0  and 8 , 0 0 0  f e e t  o v e r  s i t e .  One t y p i c a l  f l i g h t  c y c l e  
c o n s i s t s  o f  t h e  f o l l o w i n g :  

A s  soon  as v i s u a l  c o n t a c t  w i t h  t h e  ground crew i s  made, 
d i r e c t  r a d i o  c o n t a c t  i s  commenced. The p i l o t  a l i g n s  t h e  a i r c r a f t  
w i t h  t h e  t e s t  s i t e  m a r k e r s ,  w h i t e  canvas  c r o s s e s ,  u s i n g  a g e o l o g i c  
map on which a re  p l o t t e d  t h e  d e s i r e d  f l i g h t  l i n e s .  ( A t  n i g h t ,  
g e n e r a t o r - o p e r a t e d  s p o t  l i g h t s  are  used  on t h e  ground t o  mark  t h e  
f l i g h t  s t r i p ) .  He comple tes  h i s  c o r r e c t i v e  maneuver r a p i d l y  b e c a u s e  
t h e  ground ahead o f  t h e  a i r c r a f t  d i s a p p e a r s  from view a t  a d i s t a n c e  
o f  a b o u t  one m i l e .  Dur ing  t h e  t r a v e r s e  of  t h e  l a s t  approach  m i l e ,  
l a s t i n g  15 s e c o n d s ,  s e v e r a l  p r e p a r a t o r y  p r o c e d u r e s  go on .  The ope r -  
a t i o n s  manager goes t h r o u g h  a countdown s e q u e n c e .  The ground crew 
i s s u e s  r a d i o  i n s t r u c t i o n s  t o  t h e  p i l o t  g u i d i n g  t h e  p l a n e  o n t o  t h e  
t e s t  s t r i p .  T h i s  i s  a c r i t i c a l  o p e r a t i o n  because  t h e  s p e c t r o m e t e r  



- 3 -  
BELLCOMM. I N C .  

f i e l d  o f  view i s  o n l y  0 . 4  d e g r e e s  i n  diameter ,  c o r r e s p o n d i n g  
t o  1 0  f e e t  on t h e  ground.  The IR team t u r n s  on t h e  s e n s o r s  and 
exposes  t h e  I R  s t a n d a r d s .  The da ta  manager o b s e r v e s  t h a t  a l l  
26  d a t a  channe l s  o p e r a t e  p r o p e r l y .  The camera crew,  h a v i n g  
manual ly  removed t h e  cove r  of t h e  o b j e c t i v e  l e n s  and i n s e r t e d  
t h e  f i l t e r s  r e q u i r e d  f o r  t h e  e x i s t i n g  l i g h t  l e v e l  and a l t i t u d e ,  
s e t s  s h u t t e r  s p e e d s  and f s t o p s  and a d j u s t s  t h e  exposure  r a t e  
b a s e d  on V/H,  s o  t h a t  60% s t e r e o  o v e r l a p  i s  a c h i e v e d ,  as re -  
q u e s t e d  by  t h e  P.I. 

One I R  s c a n  o f  1/7 s e c o n d ,  c o v e r i n g  t h e  s p e c t r a l  r a n g e  
from 6 t o  1 3  mic rons ,  i s  performed w h i l e  t h e  p l a n e  c o v e r s  a b o u t  
40  f e e t  o f  g round ,  w i t h  a swath w i d t h  o f  1 0  f e e t  f rom 2 , 0 0 0  f e e t  
a l t i t u d e .  Thus,  t h e  ground coverage  o f  t h e  s p e c t r o m e t e r  a t  
2 , 0 0 0  f e e t  c o r r e s p o n d s  roughly  t o  t h e  cove rage  of  one f r e i g h t  
c a r  p e r  s c a n .  Subsequent  s c a n s  add up t o  a cove rage  r e s e m b l i n g  
a f r e i g h t  t r a i n  o r i e n t e d  p a r a l l e l  t o  t h e  c o u r s e  o f  t h e  a i r c r a f t .  

A t  t h e  end o f  t h e  countdown, t h e  p l a n e  e n t e r s  t h e  t e s t  
s t r i p ,  and a l l  s e n s i n g  systems are  t u r n e d  on .  The camera p e r -  
formance  i s  m o n i t o r e d  from t h e  camera c o n t r o l  c o n s o l e  i n  t h e  back  
o f  t h e  p l a n e 3  The I R  e n g i n e e r  checks  v i s u a l l y  t h a t  t h e  s p e c t r a l  
s c a n s  conform w i t h  e x p e c t a t i o n s  , and t h a t  n a t u r a l  s t a n d a r d s  such 
as water b o d i e s  and snow banks t h a t  l i e  i n  t h e  c o u r s e  of t h e  
t r a v e r s e  a r e  i d e n t i f i e d  p r o p e r l y .  For t h e  l a t t e r  task  he c o n s u l t s  
t h e  I R  image p r o v i d e d  b y  t h e  RS7 imager. He a l s o  makes s u r e  t h a t  
t h e  bo re -ho le  camera o p e r a t e s  p r o p e r l y .  The da ta  e n g i n e e r  
m o n i t o r s  t h e  r e c o r d i n g  o f  a l l  da t a ,  i n c l u d i n g  a l l  i n t e r c o m  v o i c e  
communication and incoming r a d i o ,  on t h e  c e n t r a l  da t a  t ape .  The 
p r e s e n t  a u t h o r  looked  through t h e  camera windows i n  t h e  bo t tom of 
t h e  p l a n e  and was impressed  t h a t  c o u r s e  and countdown h i t  t h e  marks 
p r e c i s e l y .  The c h o i c e  o f  t h e  t e s t  s i t e  became obv ious  as abou t  t e n  
g r o s s l y  d i f f e r e n t  rock  zones ,  r a n g i n g  from a c i d i c  r h y o l i t e  t o  
b a s a l t i c  r o c k s ,  i n  a d d i t i o n  t o  zones o f  snow, water,  and  some 
v e g e t a t e d  s p o t s  p a s s e d  below t h e  p l a n e .  By and l a r g e ,  v e g e t a t i o n  
i s  sparse  o r  a b s e n t  a t  t h i s  e l e v a t i o n ,  c o n s i s t i n g  o f  c o n i f e r s ,  b r u s h  
and  grass.  The 6-13~1 spectrum d i s p l a y e d  on t h e  o s c i l l o s c o p e  changed 
i n  s h a p e  and i n t e n s i t y  s o  s i g n i f i c a n t l y  t h a t  one c o u l d  i d e n t i f y  t h e  
q u a l i t a t i v e  v a r i a t i o n s  b y  mere o b s e r v a t i o n .  The i m p o r t a n c e  o f  b o r e -  
h o l e  camera and I R  imager s u p p o r t  for t h e  i d e n t i f i c a t i o n  of t h e  
s p e c t r a  becomes q u i t e  a p p a r e n t .  After  a b o u t  45 seconds  t h e  3 m i l e  
c o u r s e  was comple t ed ,  and t h e  p l a n e  t u r n e d  a round ,  and t h e  sys t ems  
were p u t  t h r o u g h  t h e  p o s t - f l i g h t  c a l i b r a t i o n  sequence .  A i r  t emper-  
a t u r e  and  l i q u i d  water c o n t e n t  n e a r  t h e  p l a n e  were r e c o r d e d  on t h e  
p l a n e  w h i l e  t h e  ground crew t o o k  t h e  measurements on t h e  g round .  
A t e t h e r e d  b a l l o o n  c a r r y i n g  m e t e o r o l o g i c a l  equipment  p r o v i d e d  some 
d a t a  f rom t h e  a tmosphere  up t o  1 0 0 0  f e e t  above g round .  

* F i g u r e s  5 and 6 d e p i c t  t h e  I R  p a l l e t  m o n i t o r i n g  equipment  
and  camera m o n i t o r i n g  p a n e l ,  
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On t h i s  f l i g h t  t h e  26 oasses were n o t  comple ted .  
F i r s t ,  a gyro s t a b i l i z a t i o n  c i r c u i t  f o r  t h e  I R  R C  8 camera f e l l  
o u t  as i n d i c a t e d  b y  a warn ing  l i g h t .  One camera t e c h n i c i a n  
c l imbed i n t o  t h e  p r e s s u r i z e d  bay and r e p l a c e d  a f u s e ,  and t h e  
gyros were back i n  working  o r d e r .  The c a u s e  o f  f u s e  f a i l u r e  was 
n o t  d e t e r m i n e d .  During a n o t h e r  pass a f i l m  magazine was expended 
as shown on t h e  f i l m  i n d i c a t o r  and had t o  b e  r e p l a c e d .  Two men 
removed t h e  s n e n t  Inagazine and r e p l a c e d  i t  w i t h  a new one .  Af te r  
abou t  a dozen r u n s  had been  comnleted,  f lown b o t h  2 , 0 0 0  and 8 , 0 0 0  
f e e t  above $round,  t h e  s p e c t r o m e t e r  thermocouDle i n d i c a t o r  showed 
a l a c k  of  c o o l a n t , l i q u i d  h e l i q a n d  t h e  fast s c a n  s p e c t r o m e t e r  
t e r m i n a t e d  o p e r a t i o n .  The P . 1 .  was in fo rmed ,  and  he c o n s u l t e d  
w i t h  t h e  m i s s i o n  manager and t h e  f l i q h t  commander as t o  what 
a l t e r n a t i v e s  c o u l d  b e  t a k e n .  The equipment  i s  n o t  a c c e s s i b l e  
i n  t h e  u q p r e s s u r i z e d  area,  and h e l i u m  canno t  b e  r e c h a r g e d  i n  f l i q h t .  
O n e r a t i o n a l  a l t e r n a t i v e s  were c a n c e l l a t i o n  o f  t h e  m i s s i o n  for t h e  
d a y ,  r e t u r n  to M o f f e t t  F i e l d  for he l ium r e c h a r g e  and comple t ion  
o f  t h e  m i s s i o n  d u r i n p  t h e  f a v o r a b l e  w e a t h e r ,  or c o n t i n u a t i o n  of the 
f l i g h t  o v e r  t h e  Mono Lake t e s t s i t e  u s i n g  I R  p h o t o w a p h y  and I R  
imagery  for h:ydrological  s t u d i e s .  The  l a t t e r  c h o i c e  was D r e f e r r e d ,  
b e c a u s e  o f  a good wea the r  f o r e c a s t  f o r  t h e  f o l l o w i n g  d a y .  During 
t h e  n e x t  h o u r ,  s e v e r a l  f l i g h t  l i n e s  o v e r  Mono Lake were s e l e c t e d  
and  f lown  t h a t  were c o n s i d e r e d  p o s s i b l y  of  h y d r o l o g i c a l  s i g n i f i c a n c e ,  
and where s p e c t r o m e t r y  was n o t  c o n s i d e r e d  o f  u tmost  impor t ance .  
About a dozen p a s s e s  were made, which r e c o r d e d  h o t  s p r i n g  a c t i v i t y  
and geo the rma l  anomal i e s  i n  r o c k s .  It was obv ious  t h a t  t h e  p r e s e n c e  
o f  t h e  ? . I .  on t h e  f l i g h t  made t h e  s e l e c t i o n  o f  an  a c c e p t a b l e  a l t e r -  
n a t i v e  p o s s i b l e ,  because  no one e l s e  c o u l d  d e t e r m i n e  which s t r i p s  
c o u l d  b e  m e a n i n q f u l l y  cove red  w i t h o u t  s p e c t r a l  da ta .  

The p l a n e  r e a c h e d  Mof fe t t  F i e l d  a t  abou t  3 : 3 0  P.M. The 
I R  p a l l e t  was r e c o v e r e d  from t h e  p l a n e  and wheeled  i n t o  t h e  h a n g a r ,  
and  pumpinq of  t h e  dewars was resumed s o  t h a t  t h e y  would h o l d  l i q u i d  
h e l i u m  on t h e  f o l l o w i n g  d a y ' s  m i s s i o n .  (On t h e  f o l l o w i n g  day ,  t h e  
s p e c t r o m e t e r  pe r fo rmed  w i t h o u t  breakdown d u r i n g  t h e  whole m i s s i o n ) .  

5 .  P r e l i n i n a r y  R e s u l t s  

The  IR s p e c t r a ,  I R  photography,  b l ack -whi t e  photography 
and  s u p p o r t i n g  da ta  r e t u r n e d  from t h e  two f l i q h t  days  o v e r  Sonora  
Pass - nlono Lake were o f  e x c e l l e n t  q u a l i t y  and q u a n t i t y .  It  i s  n o t e -  
wor thy  t h a t  t h r e e  days  had been s e t  as ide  f o r  t h e  S i e r r a  Nevada 
f l i g h t ,  and t h a t  o n l y  two days were needed ,  d e s p i t e  t h e  s p e c t r o m e t e r  
mi-shap. Some T 9  oho tography  was l o s t  i n  n r o c e s s i n g  i n  t h e  nlSC 
p h o t o l a b  due to e x p o s u r e  t o  l i g h t .  
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6 .  Conclus ions  f o r  E a r t h  Resources  Remote S e n s i n g  

The a c t u a l  f l i g h t  t i m e  o v e r  t e s t  s i t e s  r e q u e s t e d  f o r  
m i s s i o n  78 was 174 l i n e  m i l e s .  The a i r c r a f t ,  h a v i n g  an  o p e r a t i n g  
speed  of  240  mph, can  f l y  t h i s  d i s t a n c e  i n  l e s s  t h a n  one h o u r ,  
y e t  twen ty - s ix  n e o p l e  were t i e d  up f o r  t h r e e  work days  t o  accom- 
plish t h e  t a sk  o f  s a t h e r i n g  less  t h a n  one  f l i g h t  h o u r ' s  wor th  
of d a t a .  One can s a y  t h a t  78 man days  were s p e n t  f o r  one n e t  
f l i q h t  h o u r ,  or 3 . 6  man hours  were s n e n t  p e r  l i n e  m i l e ,  

The t o t a l  weight  of t h e  l i m i t e d  s c i e n t i f i c  equipment 
f lown on t h i s  m i s s i o n  i s  es t imated a t  abou t  2000  t o  3000 l b s .  
The t o t a l  s u r f a c e  area of i n s t r u m e n t  p a n e l s  mon i to red  by n i n e  
o p e r a t o r s  and managers i s  about  50 sq. f e e t !  

The f i r s t  obvious  i m p r e s s i o n  d e r i v e d  from t h i s  f l i g h t  
i s  t h e  complexi ty  of  p r e p a r a t i o n  and e x e c u t i o n ,  t h e  s i z e  o f  t h e  
equipment  and t h e  number of p e r s o n n e l .  

I f  one wants  t o  e x e c u t e  a m i s s i o n  such  as m i s s i o n  78 by 
h i p h - f l y i n g  a i r c r a f t  , t h e  equipment m o n i t o r i n g  p r s o n n e l  must b e  
r e d u c e d  by one o r d e r  o f  magnitude (from 1 0  t o  l), t h e  t o t a l  
i n s t r u m e n t  Dane1 s u r f a c e  by an  o r d e r  of  magni tude  ( f rom 50 t o  5 sq.  
f t . )  , t h e  weiqht  by  a f a c t o r  of 1/2. The t o t a l  number o f  man 
h o u r s  s p e n t  p e r  f l i g h t  m i l e  w i l l  p r o b a b l y  r ema in  h i g h ,  because  of  
i n c r e a s e d  ground crew s i z e .  However, r e d u c t i o n  o f  f l i e h t  p e r s o n n e l  
w i l l  b e  made up b y  au tomat ion .  

d u r i n g  t h e  Gemiui se r ies ,  l e t  u s  look  a t  t h e  D /D I R  e x p e r i m e n t .  
The o b j e c t i v e  of D 4 / D 7  was t o  measure I R  s p e c t r a  i n  t h e  1-5 
m i c r o n  r a n g e  o v e r  a number of s u r f a c e  t y p e  areas.  The two space -  
b o r n e  i n s t r u m e n t s  u sed  had t o  be  c a l i b r a t e d ,  d i r e c t e d ,  and o p e r a t e d  
i n  a s c a n n i n g  mode w h i l e  t h e  s p a c e c r a f t  t r a v e r s e d  t h e  t a r g e t  a reas .  

A s  a n  example o f  an I R  expe r imen t  per formed i n  s p a c e  
4 7  

The Gemini D 4 / D 7  IR s p e c t r o m e t e r  expe r imen t  r e q u i r e d  
t h e  a t t e n t i o n  of two crewmen. About 1 0 0 0  n e t  l i n e  mi les  were 
f l o w n  i n  5 m i n u t e s ,  s o  t h a t  0 . 0 0 0 2  man h o u r s  were s p e n t  i n  s p a c e  
p e r  l i n e  m i l e .  The re  were no ground teams i n v o l v e d  i n  D / D  who 
would have c o n t r i b u t e d  of t h e  o r d e r  o f  1 man hour  p e r  m i l e ,  i n  a 
s i t u a t i o n  comparable  w i t h  m i s s i o n  78. The weight  of t h e  D /D 

equipment  was abou t  50 l b s . ,  a n o t h e r  o r d e r  of  magni tude below 
m i s s i o n  78. And t h e  total s u r f a c e  area of t h e  i n s t r u m e n t  p a n e l  
c o n s i s t i n g  of f i v e  b u t t o n s  covered  a b o u t  0 . 0 4  s q u a r e  f e e t .  

4 7 '  

4 7  
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The exper iment  was o n l y  p a r t l y  s u c c e s s f u l  i n  t h a t  
t h e  i n t e r f e r o m e t e r  l o s t  i t s  scann ing  c a p a b i l i t y  d u r i n g  t h e  
m i s s i o n  a t  a random s e t t i n g .  The a s t r o n a u t s  c o n t i n u e d  t h e  
measurements ,  however, a f t e r  d e c i d i n g  t h a t  a e r i a l  s c a n s  a t  
a f i x e d  s p e c t r a l  s e t t i n g  were p re fe rab le  t o  t h e  t e r m i n a t i o n  
o f  t h e  e x p e r i m e n t .  

The 

1. 

2.  

3.  

4. 

5. 

6 .  

1015 :BES 

f o l l o w i n g  i s  concluded  from t h i s  s t u d y :  

Detai led e a r t h - l o o k i n g  e x p e r i m e n t s ,  such  as  
s p e c t r o m e t r y  o f  g e o l o g i c a l  f e a t u r e s ,  r e q u i r e  
c o n s i d e r a b l e  p a r t i c i p a t i o n  of man. 
High r e s o l u t i o n  ( sma l l  v i ewing  a n g l e s )  o f  t h e  
s e n s o r s  r e q u i r e s  h i g h  p i l o t i n g  and a iming  s k i l l s  
i n  c o n j u n c t i o n  w i t h  ground c o n t r o l ,  w i t h o u t  
e i t h e r  o f  which t h e  data a c q u i r e d  a re  w o r t h l e s s .  

If t h e  exper iment  ( f o r  example,  I R  camera)  i s  
a c c e s s i b l e  to manned o p e r a t o r s ,  t h e n  t h e  p r i m a r y  
r o l e  o f  t h e  o p e r a t o r  i s  that  o f  a mechanic .  A s  
such ,  he can  a l l e v i a t e  p a r t i a l  s y s t e m s  f a i l u r e s ,  
which o t h e r w i s e  c a u s e  t h e  whole m i s s i o n  to f a i l .  

I f  t h e  equipment ( f o r  example,  I R  p a l l e t )  i s  n o t  
a c c e s s i b l e  t o  manned o p e r a t o r s ,  i n  t h e  u n p r e s s -  
u r i z e d  p a r t  o f  t h e  P3A a i r c r a f t ,  t h e n  man's  r o l e  
i s  p r i m a r i l y  t h a t  of  a d e c i s i o n  maker r e g a r d i n g  
t h e  o p e r a t i o n  and r e g a r d i n g  a l t e r n a t e  modes o f  
o p e r a t i o n  i n  c a s e  o f  p a r t i a l  s y s t e m s  f a i l u r e .  
Without  t h i s  a d a p t i v e  c a p a b i l i t y ,  p a r t i a l  f a i l u r e s  
w i l l  t e n d  to grow i n t o  comple te  f a i l u r e s .  

C o n s i d e r a b l e  r e d u c t i o n  i n  we igh t  and s i z e  i s  
i n d i c a t e d  f o r  e a r t h - l o o k i n g  ( a i r c r a f t )  s e n s o r s ,  
i n  o r d e r  t o  make them o p e r a b l e  on  h i g h - f l y i n g  
a i r c r a f t  and s p a c e c r a f t .  Each s t e p  i n v o l v e s  a b o u t  
one o r d e r  of  magni tude o f  we igh t  r e d u c t i o n .  It 
d o e s  n o t  appear wise to f l y  c o n v e n t i o n a l  a i r c r a f t  
equipment  on h i g h - a l t i t u d e  or s p a c e c r a f t ,  as i s  
o c c a s i o n a l l y  p roposed .  

F u l l y  au tomated ,  unmanned g e o l o g i c a l  s e n s o r s  a p p e a r  
t o  b e  i n  t h e  remote d i s t a n c e ,  j u d g i n g  b y  t h e  p r e s e n t  
p a c e  of  s e n s o r  e v o l u t i o n  and p r o g r e s s .  

A t t achemen t s  
T a b l e s  1-4 
F i g u r e s  1-6 
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TABLE 2 

MISSION 78 

PARTICIPATIXG - PJ3RSONNEC 

PRIMARY INVESTIGATOR 

TEST SITE GEOLOGIST 

( SONORA PASS/MONO LAKE:) 

TF/MTSSJON SCIENTISTS 

TF/OPERATIONS MANAGEX 

TF'/MTSSION MANAGER 

CC/mCRAFT COMMANDER 

EE/SYSTMS MANAGER 

TF/DATA MANAGER 

EE/INSTRUI4EN'l?ATION 

ED/COMPUTATION AND MIALYSIS 

CC/AIRCWT OPEZKTIONS (FRR) 

CC/AIRCRnFT OPEFUITIONS (QA) 

LEC/IR PALIET OPIXATOR 

LEC/IR SCANNER OPERATOR 

EE/IR EIIGINEER 

DR. R. J. P. LYONS SITES: 19, 3 & 56 
JOHN WEAR SITE : 156 
MARK MEIER SITE : 40 

JACK QUADE 702 -329-72 38 

UNIVERSITY OF NEVADA 702-329-7238 

DR. J. AMsBURY(GE0LOGY) 713-483-2781 

c. MASON (HYDRO) 713 -483 -4757 
DR. T. BAHNElTT(SPECT) 713-483-4464 

w. CREA (FORESTRY) 713 -483 -4611 

N. FOSTER 713-483-3121 

R. H. aQKER 713-483 -3811 

L. GAVENTA 713-483-'/256 

G.  FLANNAGAN 7-13 -483 - 7451 

B. ELWYRDS 713 -483 -2094 

T. SAMPSEL 713 -483 -2971 

J. FISHER 713 -483 -5 5 53 

R. CLARK 713-483-7236 

D. LUCAS 713 -483 -7654 

H. COPPEDGE 713 -483 -7451 

J. S W E  713-1C83-7h 51  

T. MOORMAN 713 -483-7781 

J. MONTCRIEF 713-483-7781 

H. FITZGERALD 713-483-7421 



KISSION 78 

TABLE 3 

SITE 19 SONOXA PASS ---- -- - 

-_I- -- 
PRIORITY   SUB SITE FLIGI iT  LENGTH FLIGHT AL'i' 1 TUDE INS TRUMEE?T S NEEL, ED * 

A / T ERR A / S . L .  (IR PALLET, H/W FILNS I N  
#l RC8 CAMERA STANDARD) 

d ____.__-L ---. ---- ____ __-- -- 
A. R i A c m w  7 passes  2000' 17,000 ft. (IR ~ a ~ l e t  on a l l  

3 passes 8000' 18,000 ft. (Subs i t e  1) ---- 
10 3 m i .  ea. 
30 miles 

B, c___l__~ BRO!dtlF;Eb!'- 7 p a s s e s  200G' 12,oc)o f t  
(Subs i t e  2)  - 3 passes  8000' 18,000 f t .  

1.0 @ 3 m i .  ea. 
30 miles 

BLACKHAW- 2 pas ses  8000' 18,000 f t .  + I R  f i l m  on one pass .  
BROWNBEAK T,INE @ 5 m i .  ea.  

(Subs i t e s  1-2) 10 m i l e s  

D. METANORPHICS 2 pas ses  2000' 12,000 f t .  + I R  f i l m  on oxic: pass  
@ 5 m i .  ea. 
10 m i l e s  

E. LONGLINE 1 p a s s  2000 12,000 f t  i I R  f i l m  on one pass  
(Sonora " a l t e r n a t e "  L pass 8000' 1 .8 ,OOO f t (8000 f t) 

2 @ 9 miles ea. 
18 miles 

S O N O M  PAS? -- TOTAL ---- --- __I- 

1968 26 p a s s e s  98 miles f l i g h t  d a t a  
(1967) (38 passes )  (100 miles f l i g h t  d a t a )  

*Camera #1 (RC-8) R/W f i l m  60% s t e r e o  ove r l ap ,  gyro s t a b i l i z e d .  

NOTE : Wherever p o s s i b l e ,  pas s  d i r e c t l y  oveT l'akes, p r e f e r a b l y  a t  s t a r t .  



TABLE U 

SITE 3 FIONO LAKE 
___t__-- 

NLSS1ON 78 

PRIORITY/SUESITE FLIGHT LENGTH FLIGHT ALTITUDE INSTRUMENTS NEEDED* 
A/ TERR . A/S.L. (1R PALLET, B/W FILM I N  #l 

RC 8 CAMERA c STANDARD) 

A. PAOIIO I S .  3 p a s s e s  2500' 9200f t. 

5 @ 2 m i .  
( S u b s i t e  S1) - 2 passes  5000' 11700f t .  

1 0  m i l e s  

B. CONWAY GPADE 
( S u b s i t e  S2) 2000' i23013f t . 5 p a s s e s  @3 m i .  

15 m i l e s  

C. BODIE 1 p a s s e s  2000' l l O O O f  t . 
( S u b s i t e  S3) A a s s e s  4000' 13000ft. +IR f i l m  on h igh  a l t i t u d e  

2 p a s s e s  @ 2 1./2 
m i .  

5 m i l e s  -- 
+IR f i l m  D. MONO CRATERS 1 pass @ 6 m i .  2000' l i O O O f  t . 

( S u b s i t e s  S 4 )  6 m i l e s  - - 
E. GMNT IAKE- 1 p a s s  @ 4 m i .  4000' llOOOf t , +IR f i l m  

AEOLIAN BUTTES 4 m i l e s  
( S u b s i t e  5 )  

I'. BI~'LCK BUTTE 1 p a s s  @ 2 m i .  2500' 900Of t . +IR f i l m  
( S u b s i t e  S6) 1 pass  @ 2 m i .  5000' 12000f t . 

4 miles 
LIP- --- 

G. LINE P1  1 p a s s  @ 1 0  m i .  4500' l l 5 0 0 f  t . +IR f i l m  +RS7 Scanner 
(LeeVining N) 10 miles 

H. LINE P2 1 p a s s  @ 6 m i .  2000' 11500f t . +IR f i l m  + RS7 Scanner 
(Copper Pf t n s  , ) 6 m i l e s  

I. LINE P3  1 p a s s  @ 6 m i .  4500' 11500f t .  +IR f i l m  + RS7 Scanner 

J. LINE P4 1 p a s s  @ 10 m i .  4500' 
10 miles 

11500f t. +IR fi lm' + RS7 Scanner 

---. --- -- --- ----- -_I_- 

MONO LAKE --- TOTALS : 
1968 26 p a s s e s  76 l i n e  miles d a t a  

(1.967) (38 p a s s e s )  (89 i o 0  l i n e  m i l e s  d a t a )  



I FIGURE I - INDEX MAP 
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FRONT OF AIRCRAFT 

COMMANDER 

PR I NC I PAL I NVEST I GATOR 

I NSTRUMENTAT I ON MANAGER 

IR ENGINEER 

IR PALLET OPERATOR 

IR SCANNER OPERATOR 

DATA MANAGER 

CO-P I LOT 

NAV I GATOR 

MISSION MANAGER 

OBSERVER I 

OBSERVER 2 

PHOTOGRAPHER - I R  

PHOTOGRAPHER - BW 

PHOTOGRAPHER - MULTISPECTRAL 

REAR OF AIRCRAFT 

FIGURE 3 - LOCATION OF PARTICIPATING PERSONNEL I N  THE P3A AIRCRAFT 
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